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CONVERTIBLE COMPUTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[1] The present invention relates to a convertible computer eqiiipped with a first 
mode (e.g., a notebook computer function) and a second mode (e.g., a tablet computer 
function). 

2. Background of the Related Art 

[2] Tablet computers have been developed on the basis of advantageous effects 
of desktop, notebook and handheld computers. A notebook computer is referred to as a 
mobile computer. But, when the notebook computer is used, its main body must be 
positioned on a fixed base surface. Meanwhile, a tablet computer can be easily used on a 
user's hand like a personal digital assistant (PDA). The tablet computer enables the user to 
direcdy take notes on a monitor using an electronic pen in place of a keyboard. Since an 
input unit in the tablet computer is based upon a touch screen, a special input unit such as a 
mouse is not necessary, and hence, the tablet computer can be conveniendy used. Thus, the 
tablet computer has excellent mobility and convenience. Furthermore, since the tablet 
computer includes the computer's basic components inside the monitor, its exterior is 
simple. 

[3] In order for the user to conveniendy and selectively use a notebook computer 
function and a tablet computer function, a convertible computer that can implement the 
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notebook computer function and the tablet computer function in a single system is being 
developed and commercialized. 

[4] The convertible computer includes a main module and a display module in 
which a liquid crystal display (LCD) and a digitizer are unified. The LCD displays video 
images and various menus. The digitizer allows the user to touch a screen using an electronic 
pen, etc. and to select and input the various menus displayed on the LCD. 

[5] As shown in FIG. 1, where the user uses die convertible computer as the 
notebook computer, he or she performs a desired function and task using a keyboard and a 
touch pad provided in a main body while the display module is fixed as the LCD of the 
notebook computer. Where the user uses the convertible computer as the tablet computer, 
he or she touches various menus displayed through the LCD using the electronic pen in a 
state while the LCD is overlapped with the computer's main body to face upwards as shown 
in FIG. 2. The digitizer installed at a front or back end of the LCD can detect a coordinate 
value corresponding to a position of the LCD touched with the electronic pen and can 
perform a user-desired function and task. 

[6] The display module can be rotated according to the user's selection. Thus, the 
user holding the convertible computer can rotate the display module so that it can be used as 
the tablet computer or the notebook computer. 

[7] In a prior art convertible computer,^ a fixed operating system (OS) such as 
Windows 98TM or Windows XPTM is loaded or booted. However, when a power supply of 
the convertible computer is turned on where the display module is rotated to perform a 
specific operating mode, for example, a tablet computer mode, a unique OS appropriate for 
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the specific operating mode is not booted, which results in a condition in where various 
functions and operations cannot be provided. 

[8] On the other hand, a keyboard of the prior art notebook computer is 
configured like the keyboard of a prior art desktop keyboard as shown in FIG. 6. That is, a 
keyboard cable is connected between a keyboard 200 and a micro controller 210 serving as a 
keyboard controller so that various signals can be communicated. The keyboard of the 
notebook computer based upon the above-described components does not depend upon a 
system use state and an operating state in which the display modiale is open or closed. 

[9] When the convertible computer is used in the tablet computer mode, the 
display module is rotated and overlapped with the computer's main body, such that the LCD 
faces upwards. Thus, the backside of the display module undesirably presses input units such 
as the keyboard, a stick pointer and a touch pad (not shown). In this case, there is a problem 
in that an error of the system can be incurred. Further, when the convertible computer is 
used in the tablet computer mode, power can be unnecessarily supplied to the input units 
such as the keyboard 200, the stick pointer and the touch pad. Meanwhile, when die 
convertible computer is used in the notebook computer mode, power is unnecessarily 
supplied to the digiti2er, such that power can be wasted. 

[10] FIG. 10 is a circuit diagram illustrating a circuit for switching an operating 
mode of the system to a suspend mode using a switch when the LCD is closed in the prior 
art notebook computer. In the prior art notebook computer, a switch SWl is configured so 
that it can be in an ON state when the LCD is closed, and it can be in an OFF state when 
the LCD is open. 
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[11] Thus, when the user switches an operating state of the LCD from the open 
state to the closed state in the prior art notebook computer, the switch SWl is switched 
from the OFF state to the ON state, and an output terminal 310 come to output a low level 
signal. A controller (not shown in FIG. 10) into which the low level signal is inputted, 
detects the closed state of die LCD, and performs a control operation corresponding to die 
closed state of the LCD. Because it is determined that the computer is to be temporarily not 
used when die user closes the LCD, die operating mode of die system is switched to die 
suspend mode, and an operation for turning off an LCD backlight is performed so diat 
unnecessary power consumption can be prevented. Otherwise, when die user switches die 
operating state of die LCD from the closed state to die open state, die switch SWl come to 
be in die OFF state and the output terminal 310 come to output a high level signal. The 
controller into which die high level signal is inputted releases die suspend mode, and die 
system returns to a normal operating mode. 

[12] In the convertible computer in which the notebook computer function and 
die tablet computer function are implemented in die single system, when die system mode 
of die convertible computer is switched to a tablet computer mode, die display module is 
rotated and overlapped with die computer's main body, such diat die LCD faces upwards. 
This state is die same as a state in which die LCD is closed in die prior art notebook 
computer. In diis case, a switch capable of monitoring die open/closed state of die display 
module is operated when the operating mode is die tablet computer mode. Thus, diere can 
be a problem in diat die operating mode of die system is switched to die suspend mode or 
the backlight of the LCD provided in the display module is in die OFF state. 
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[13] Since the notebook computer and the tablet computer have different purposes 
and usages, they have been independently implemented and used on the basis of different 
specifications. For example, the notebook computer and the tablet computer have different 
operating environments in terms of a central processing unit (CPU) speed, a system's 
internal temperature and fan speed. Where the notebook computer function and the tablet 
computer function are implemented in a single system, a method and apparatus for 
managing different use modes based upon the notebook computer function and the tablet 

computer function is needed. 

[14] The above references are incorporated by reference herein where appropriate 

for appropriate teachings of additional or alternative details, features and/or technical 

background. 

SUMMARY OF THE INVENTION 

[15] An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

[16] Another object of the present invention is to provide an apparatus and 
metiiod for convertible computer that selects and initializes the computer responsive to one 
of a first mode and a second mode. 

[17] Anotiier object of die present invention is to provide an apparatus and 
method for a convertible computer that selects an initializes the computer responsive to a 
notebook computer function or a tablet computer function. 
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[18] Another object of the present invention to provide an apparatus and mediod 
for booting a system in a convertible computer diat can select an operating system (OS) 
according to a rotation state of a display module in the convertible computer tfiat 
implements a notebook computer function and a tablet computer function. 

[19] Another object of the present invention to provide an apparatus and method 
tiiat can protect at least one input unit in a convertible computer to reduce or prevent an 
erroneous operation. 

[20] Another object of the present invention to provide an apparatus and method 
diat can reduce or prevent a state in which power is unnecessarily consumed by an input unit 
not used in a current system mode in a convertible computer tiiat implements a notebook 
computer function and a tablet computer function in a single system. 

[21] Another object of the present invention to provide a protection circuit and 
method for use in a convertible computer, which can address a problem tiiat an operating 
mode of a system is inappropriately switched to a suspend mode or a Uquid crystal display 
(LCD) backlight is disabled when a tablet computer mode is used in die convertible 
computer tiiat implements a notebook computer function and a tablet computer function in 
a single system. 

[22] Anotiier object of tiie present invention to provide an apparatus and metiiod 
tiiat can manage a system mode in a single convertible system to control system 
environments according to various operating modes including a notebook computer 
function and a tablet computer function. 
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[23] In order to achieve at least the above objects and advantages in whole or in 
part, in accordance with one aspect of the present invention there is provided a portable 
computer that includes a portable computer unit having a configuration that allows a 
system mode to be switched between a notebook computer mode and a tablet computer 
mode and a controller configured to determine the configuration of the portable computer 
unit responsive to a system power supply of the portable computer being turned on, 
wherein the controller operates an application program for the tablet computer mode or 
the notebook computer mode according to the determination. 

[24] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided an apparatus for booting a system 
in a portable computer including a display module whose rotation state allows a system 
mode to be switched to a notebook computer mode or a tablet computer mode that 
includes detection unit for detecting the rotation state of the display module when a system 
power supply provided in the portable computer is turned on and control unit for 
selectively booting an operating system (OS) for a tablet computer or a notebook 
computer according to a result of the detection. 

[25] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided a method for booting a system in 
a portable computer that includes detecting one of a notebook computer configuration and 
a tablet computer configuration when a system power supply provided in the portable 
computer is turned on and selectively booting an initialization application program for a 
tablet computer or a notebook computer according to said detecting. 
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[26] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided an article including a machine- 
readable storage medium containing instructions for booting a system in a portable 
computer including a display module whose rotation state allows a system mode to be 
switched to a notebook computer mode or a tablet computer mode, the instructions, when 
executed, causing the portable computer to detect the rotation state of the display module 
when a system power supply provided in the portable computer is enabled and selectively 
boot an operating system (OS) for a tablet computer or a notebook computer according to 
the detection. 

[27] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided a portable computer that includes 
a portable computer device whose configuration allows a system mode to be switched to a 
notebook computer mode or a tablet computer mode, at least one input unit, a monitor 
configured to monitor a system mode switching operation and a controller coupled to the 
monitor and configured to control an operating state of the input unit to be inactive 
according to a current system mode. 

[28] To fiirther achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided an apparatus for protecting at 
least one input unit in a portable computer including a first input unit including a touch 
screen digitizer and a second input unit selectively including at least one of a keyboard, a 
stick pointer and a touch pad, and a portable computer device whose configuration state is 
configured to switch a system mode to a notebook computer mode or a tablet computer 
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mode that includes monitoring unit for monitoring a system mode switching operation and 
control unit for controlling an operating state of the input units to be an inactivation state 
according to a current system mode. 

[29] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided a method for protecting at least 
one input unit in a portable computer including a display module whose rotation state 
allows a system mode to be switched between a notebook computer mode and a tablet 
computer mode that includes monitoring a system mode switching operation and 
controlling an operating state of the input unit to be each of an active state and an inactive 
state according to a current system mode. 

[30] To further achieve at least the above objects in whole or in part, in accordance 
witii one aspect of die present invention there is provided an article including a machine- 
readable storage medium containing instructions for protecting first input unit including a 
touch screen digitizer, and a second input unit selectively including at least one of a 
keyboard, a stick pointer and a touch pad in a portable computer including a display 
module whose rotation state allows a system mode to be switched between a notebook 
computer mode and a tablet computer mode, the instructions, when executed, causing tiie 
portable computer to monitor a system mode switching operation and control an operating 
state of at least one input unit to be each of an activation state and inactivation state 
according to a current system mode. 

[31] To further achieve at least die above objects in whole or in part, in accordance 
with one aspect of the present invention diere is provided a portable computer that includes 
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a display module whose rotation state allows a system mode to be switched to a notebook 
computer mode or a tablet computer mode, a first switch configured to sense opening and 
closing operations of the display module, a second switch configured to sense a rotation 
operation of the display module, a logic device configured to output an open/ close signal 
of the display module based on a signal of the first switch and a logic device controller 
configured to control the logic device to be in an enable/disable state based on a signal of 
the second switch. 

[32] To fiarther achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided a protection circuit provided in a 
portable computer including a display module whose rotation state allows a system mode 
to be switched to a notebook computer mode or a tablet computer mode, a first switch for 
sensing opening and closing operations of the display module, and a second switch for 
sensing a rotation operation of the display module that includes a logic device configured 
to output an open/ close signal of the display module based upon an operation of die first 
switch and a logic device controller configured to control the logic device to be in an 
enable/disable state based upon an operation of the second switch. 

[33] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided a portable computer that includes 
a controller configured to set a system performance operation based upon the portable 
computer operating in each of a notebook computer mode or a tablet computer mode and 
a memory configured to store at least one control value necessary for setting the system 
performance operation in said each mode. 
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[34] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention there is provided an apparatus for managing a 
system mode in a portable computer including a notebook computer mode or a tablet 
computer mode that includes monitoring unit for monitoring a system mode switching 
operation and setting unit for setting different system power consumption environments 
based upon a current system mode. 

[35] To further achieve at least die above objects in whole or in part, in accordance 
with one aspect of the present invention diere is provided a method diat includes operating 
a portable computer in a notebook computer mode and a tablet computer mode, wherein 
devices in the portable computer operate in each mode and operating at least one device in 
the portable computer at a first power consumption level in the notebook computer mode 
and a second lower power consvimption level in the tablet computer mode. 

[36] To further achieve at least the above objects in whole or in part, in accordance 
with one aspect of the present invention tiiere is provided a method for managing a system 
mode in a portable computer having a configuration that switches a system mode to a 
notebook computer mode or a tablet computer mode that includes monitoring a system 
mode switching operation, setting at least one control value necessary for switching a 
system performance based upon the switched system mode. 

[37] To further achieve at least die above objects in whole or in part, in accordance 
with one aspect of the present invention tiiere is provided an article including a machine- 
readable storage medium containing instructions for managing a system mode in a portable 
computer including a display module whose rotation state allows the system mode to be 
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switched to a notebook computer mode or a tablet computer mode, the instructions, when 
executed, causing the portable computer to monitor a system mode switching operation, 
read, from a memory, at least one control value necessary for setting a system environment 
based upon the switched system mode when the system mode is switched and set the 
system environment based upon the read control value. 

[38] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to tiiose having 
ordinary skill in die art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of die invention may be realized and attained 
as particularly pointed out in die appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[39] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[40] FIG. 1 is a perspective view illustrating a prior art convertible computer used 
in a notebook computer mode; 

[41] FIG. 2 is a perspective view illustrating a prior art convertible computer is 

used in a tablet computer mode; 

[42] FIG. 3 is a block diagram illustrating a configuration of a preferred 
embodiment of a convertible computer in accordance widi the present invention; 
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[43] FIG. 4 is a schematic diagram illustrating a preferred embodiment of an 
apparatus for booting a system in the convertible computer in accordance with the present 
invention; 

[44] FIG. 5 is a flowchart illustrating a preferred embodiment of a method for 
booting the system in the convertible computer in accordance with the present invention; 

[45] FIG. 6 is a schematic diagram illustrating the connection relationship between 
a keyboard and a micro controller in a prior art notebook computer; 

[46] FIG. 7 is a schematic diagram illustrating a preferred embodiment of an 
apparatus for protecting the keyboard in the convertible computer in accordance with the 
present invention; 

[47] FIG. 8 is a diagram of an exemplary table illustrating an operating state of the 
keyboard in the convertible computer in accordance with the present invention; 

[48] FIG. 9 is a flow chart illustrating a preferred embodiment of a method for 
protecting the keyboard in the convertible computer in accordance with the present 
invention; 

[49] FIG. 10 is a circuit diagram illustrating a circuit for detecting an operating 
state in which a liquid crystal display (LCD) is closed in a prior art notebook computer; 

[50] FIG. 11 is a circuit diagram illustrating a configuration of a preferred 
embodiment of a protection circuit in a convertible computer in accordance with the present 
invention; 

[51] FIG. 12 is a circuit diagram illustrating an exemplary logic device for use in the 

present invention; 
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[52] FIG. 13 is a diagram of an exemplary table illustrating an operating state of the 
logic device for use in the present invention; 

[53] FIG. 14 is a block diagram illustrating a preferred embodiment of an 
apparatus for managing a system mode in the convertible computer in accordance with the 
present invention; 

[54] FIG. 15 is a diagram of a table illustrating exemplary control values based 
upon each system mode stored in a memory in accordance with the present invention; and 

[55] FIG. 16 is a flow chart illustrating a preferred embodiment of a method for 
managing a system mode in the convertible computer in accordance with the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[56] Embodiments of an apparatus and method for booting a system in a 
convertible computer, an apparatus and method for protecting at least one input unit in a 
convertible computer, a protection circuit and method for use in a convertible computer, 
and an apparatus and method for managing a system mode in a convertible system in 
accordance with the present invention will now be described. 

[57] An embodiment of a system booting or initialiaation apparatus and method in 
accordance with the present invention can be applied to a convertible computer that can be 
selectively used in a notebook computer mode and a tablet computer mode according to a 
configuration such as the rotation state of a display module. The display module preferably 
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combines a liquid crystal display (LCD) and a digitizer. The display module can be rotatably 

coupled to a main module. 

[58] Thus, embodiments of a system booting apparatus and method can be 

described using and applied to the convertible computer shown in FIGS. 1-2. However, the 

present invention is not intended to be so limited. 

[59] Where the convertible computer is used as a tablet computer, a display 

module 20 is rotated and its front side faces upwards (e.g., FIG. 2). Further, when the 

display modiale is opened and faces forwards, the convertible computer can be used as a 

notebook computer (e.g., FIG.l). 

[60] FIG. 3 is a block diagram illustrating an embodiment of a convertible 
computer in accordance with the present invention. The convertible computer can include a 
central processing unit (CPU) 40, a main memory 41, a north bridge 42, a video controller 
43, a south bridge 44, a display module 45, a keyboard controller 46, an input/output (I/O) 
controller 47, a touch screen digitizer 48 and others. The touch screen digitizer 48 can be 
mounted on the entire surface of the display module 45 and can output a coordinate value of 
a position on which the user carries out a selection operation (e.g., a touch operation) to the 
I/O controller 47. A switch capable of sensing the rotation of the display module 45 can be 
coupled to one general-purpose input/output (GPIO) pin assigned to the keyboard 
controller 46. However, the present invention is not intended to be so limited, for example, 
the switch capable of sensing the rotation operation of the display module 45 can be coupled 
to GPIO pins of the keyboard controller 46, the south bridge 44, the 1/ O controller 47 and 
other devices. 
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[61] As shown in FIG. 4, an embodiment of a system booting apparatus provided 
in the convertible computer in accordance with the present invention can include a random 
access memory (RAM) 100, a hard disc 110, a basic input/output system (BIOS) 120, a 
keyboard controller 130, a rotation detection switch 140, etc. The rotation detection switch 
140 can be in an ON or OFF state according to the rotation state of die display module in 
which the LCD and die digitizer are unified. 

[62] The rotation detection switch 140 can monitor a system mode switching 
operation. The rotation detection switch 140 can be turned on/ off, for example, by a 
magnetic sensor for electrically detecting the rotation operation of the display module or a 
mechanical contact. 

[63] The keyboard controller 130 can use a rotation detection signal generated 
according to the ON/OFF state of die rotation detection switch 140 to determine whetiier 
the display module is currentiy in the notebook computer mode or the tablet computer 
mode. For example, where die rotation detection switch 140 is in die ON state and a 
rotation detection signal Rotate# is outputted as a low level signal, it can be determined diat 
the display module has been rotated to perform the tablet computer mode. On die odier 
hand, where the rotation detection switch 140 is in the OFF state and the rotation detection 
signal Rotate# is outputted as a high level signal, it can be determined diat die display 
module has been rotated to perform the notebook computer mode. The keyboard controller 
130 can use a micro controller, microcomputers or die like. 

[64] Where die BIOS 120 confirms diat die display module has been set to die 
notebook computer mode (e.g., through an interface with the keyboard controller 130), the 
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BIOS 120 can select the notebook computet-based operating system NB_OS stored in the 
hard disc 110 and upload the selected notebook computer-based OS NB_OS to the RAM 
100. The system can then be booted and operated by die notebook computer-based OS 
NB_OS. 

[65] Thus, a system physical configuration or die like can determine die tablet or 
notebook computer mode. Where die BIOS 120 confirms diat die display module has been 
set to die tablet computer mode dirough die interface widi die keyboard controller, die 
BIOS 120 can select the tablet computer-based operating system TB_OS stored in die hard 
disc 110 and upload die selected tablet computer-based OS TB_OS to die RAM 100. The 
system can dien be booted and operated by die tablet computer-based OS TB_OS. 

[66] FIG. 5 is a flow chart illustrating an embodiment of a method for booting a 
convertible computer in accordance witii die present invention. The embodiment of a 
method for booting a convertible computer will be described using and can be applied to die 
system of FIG 4. However, die present invention is not intended to be so limited. 

[67] As die display module is moved, positioned or rotated, die notebook 
computer mode or die tablet computer mode is selectively and convenientiy used in die 
convertible computer. Where die user turns on a system power supply of the convertible 
computer (block SIO), the system can detect a configuration of die convertible computer. 
For example, die keyboard contiroUer 130 can check a level of a rotation detection signal 
Rotate# indicative of an ON/OFF state of die rotation detection switch 140 and detect a 
rotation state of the display module (Sll). 
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[68] Where the rotation detection signal Rotate# is a high level signal immediately 
after the system power supply is in the ON state, for example, where the rotation detection 
switch 140 is in the OFF state (block S12), the keyboard controller 130 can determine diat 
the operating mode has been set to tiie notebook computer mode (block S13). The BIOS 
120 can confirm a currendy set computer mode through die interface witii the keyboard 
controller 130, read the notebook computer-based OS NB_OS between the notebook 
computer-based OS NB_OS and die tablet computer-based OS TB_OS previously stored in 
die hard disc 110, and upload die read notebook computer-based OS to die RAM 100. 
Then, a set of operations is performed so diat die system can be booted and operated by die 
notebook computer-based OS (block S14). 

[69] Where die rotation detection signal Rotate# is a low level signal immediately 
after die system power supply is in die ON state, for example, where die rotation detection 
switch 140 is in die ON state (block S12), die keyboard controller 130 can determine diat 
die operating mode has been set to die tablet computer mode (block S15). The BIOS 120 
can confirm a currendy set computer mode dirough die interface widi die keyboard 
controller 130, read die tablet computer-based OS TB_OS between die notebook computer- 
based OS NB.OS and die tablet computer-based OS TB.OS previously stored in die hard 
disc 110, and upload die read tablet computer-based OS to die RAM 100. Then, a set of 
operations is performed so diat die system can be booted and operated by die tablet 
computer-based OS (block SI 6). 

[70] If die booting operation is performed normally (block S17), die booted 
notebook computer-based OS or tablet computer-based OS can provide a fiinctions and 
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operations appropriate for the notebook computer mode or the tablet computer mode to 
the user (block SI 8). From block SI 8, the process can be completed. 

[71] FIG. 7 is a schematic diagram illustrating an embodiment of an apparatus 
configured to protect at least one input unit in a convertible computer in accordance with 
the present invention. As an example, an input unit uses the keyboard in FIG. 7. However, 
the present invention is not intended to be so limited because an input device, a stick 
pointer, a touch pad or the like can be used as die input unit. 

[72] One embodiment of a convertible computer is configured so that a rotation 
detection switch is operated when the operation mode of die system is switched. As shown 
in FIG. 7, a signal NTB_TBL_MODE# generated according to operations of die rotation 
detection switch is inputted into a micro controller 230 serving as a keyboard controller. As 
shown in FIG. 7, the micro controller 230 can assign one pin for monitoring die system 
mode, and can be coupled to die keyboard 220 dirough keyboard cables KEYCO ~ 
KEYC13 and KEYCROWO ~ KEYCROW7. 

[73] The micro controller 230 can recognize die system mode based upon a signal 
generated from die rotation detection switch. As shown in an exemplary table in FIG. 8, die 
rotation detection switch preferably generates die high level signal in die notebook computer 
mode and generates die low level signal in die tablet computer mode. The rotation detection 
switch can be configured so diat it can output die high or low level signal to die micro 
controller 230. The micro controller 230 can perform a control operation for an activation 
state of die keyboard in die notebook computer mode and can perform operations based 
upon an input signal of the keyboard. Furdier, die micro controller 230 can perform a 
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control operation for an inactivation state of the keyboard in the tablet computer mode and 
can ignore input signals of the keyboard. 

[74] FIG. 9 is a flow chart illustrating an embodiment of a method for protecting 
at least one input unit in die convertible computer in accordance witii die present invention. 
The input unit can be the keyboard, however, a stick pointer, touch pad or die like can be 
used as the input unit. The embodiments of a method for protecting at least one input unit 
in a convertible computer can be applied to and described using the apparatus of FIG. 7. 

[75] As shown in FIG. 9, when system power is supplied, die micro controller 230 
can monitor an operating state of die keyboard 220 coupled dirough a keyboard cable at all 
times. Furtiier, where an arbitrary key is selected from among keys of die keyboards, die 
micro controller 230 can confirm die selected key and perform an operation corresponding 
to the selected key. Such operations are vaUd only when the convertible computer is used in 
die notebook computer mode. Thus, die micro controller 230 can recognize a current 
system mode, and perform control operations so diat a keyboard operation corresponding to 
the recognized system mode can be carried out 

[76] As shown in FIG. 9, the tnicro controller 230 can monitor a signal (e.g., 
NTB_TBL_MODE# from the rotation detection switch) at all times, and detect die current 
system mode based upon die monitored signal (block S20). Thus, die micro controller 230 
can recognize a current system mode, and perform control operations so that a keyboard 
operation corresponding to the recognized system mode can be carried out 

[77] When the current system mode is the notebook computer mode (block S21), 
die signal NTB_TBL_MODE# from die rotation detection switch inputted into die micro 
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controller 230 can become a high level signal. At this point, the micro controller 230 can 
control a signal line, coupled to the keyboard 220, to be in an activation state and perform 
normal operations relating to a selection operation in the keyboard 220 (block S22). 

[78] When the cxorrent system mode is the tablet computer mode (block S21), the 
signal NTB_TBL_MODE# from the rotation detection switch inputted into the micro 
controller 230 can become a low level signal. At this point, the micro controller 230 can 
place a signal line, coupled to the keyboard 220 in an inactivation state. Even though a key of 
the keyboard 220 is pressed, the micro controller 230 can ignore an input signal from the 
keyboard 220 (block S23). 

[79] In addition, a first input unit can be available and second input unit may not 
be available according to the system mode in embodiments according to the present 
invention. For example, where the system is used in the notebook computer mode, the 
touch screen digitizer can be used or not used. Where die system is used in the tablet 
computer mode, the keyboard, the stick pointer and the touch pad may not be available. 

[80] There can be added disadvantages because power is unnecessarily supplied to 
an input unit not used according to a current system mode. To address such disadvantages, 
power to each input unit can be switched using a signal from a GPIO terminal coupled to 
the keyboard controller, the soudi bridge, the I/O controller or another device that monitors 
or receives the convertible computer system mode, for example, by being coupled to die 
switch capable of detecting a system mode switching operation as shown in FIG. 3. That is, 
as a field effect transistor (PET) switch can be turned on/off using die GPIO terminal 
signal, the power to each input unit can be switched or controlled. Thus, when the system is 
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used in the notebook computer mode, the power to the touch screen digitizer, which may be 
not used, can be in the OFF state and be inactivated. Further, when the system is used in the 
tablet computer mode, power to the keyboard, the stick pointer, the touch pad or die like, 
which are not available (e.g., OFF and inactivate), can be direcdy or automatically 
interrupted. 

[81] FIG. 11 is a circuit diagram illustrating an embodiment of a protection circuit 
in the convertible computer in accordance with die present invention. As shown in FIG. 11, 
tile protection circxoit can include a switch SWll operable as die display module is closed 
and a switch SW12 operable as the display module is rotated. The switch SWll can be 
turned on when the display module is closed, and the switch SW12 can be turned on when 
the display module is rotated. 

[82] As shown in FIGS. 12 and 13, an exemplary logic device 340 can be enabled 
when a high level signal is applied to a gate terminal OE provided in th& logic device 340. 
Thus, when the high level signal is applied to the gate terminal OE, a signal inputted into an 
input terminal Ain can be outputted. That is, when tiie high level signal is applied to die gate 
terminal OE, the logic device 340 can output the high level signal when die input signal is 
high and output the low level signal when the input signal is low. 

[83] Operations of die protection circuit of FIG. 11 will now be described. When 
the convertible computer is operated as die notebook computer, the switch SW12 is in the 
OFF state, and a transistor Ql operating according to the operation of die switch SW12 
maintains the OFF state while the liigh level signal is applied to a base terminal provided in 
the transistor Ql. When the transistor Ql is in die OFF state, power supply voltage of a 
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power supply terminal Vcc is appUed to the gate terminal of the logic device 340 as the high 

level signal, enabling die logic device 340. 

[84] In this state, the operating state of die switch SWll is switched to die ON 

state when die user closes die display module, and dien die low level signal is inputted into 

an input terminal of an AND gate 320 and die input terminal of die logic device 340. Thus, 

the logic device 340 outputs die low level signal. 

[85] In response to die low level signal, a signal indicating tiiat die LCD has been 
closed is outputted to a controUer (not shown). The controller into which die LCD closing 
signal is inputted can switch the operating mode to a suspend mode and/ or turn off die 
LCD backlight. 

[86] In a state in which the logic device 340 is enabled, die operating state of the 
switch SWll is switched to the OFF state when die user opens die display module, die high 
level signal is outputted to the input terminals of die AND gate 320 and die logic device 340. 
The logic device 340 outputs die high level signal. In response to die high level signal, a 
signal indicating diat die LCD has been opened is outputted to die controller. The controUer 
can perform corresponding control signals in response to the LCD open signal. 

[87] Operations of the protection circuit of FIG. 11 will now be described when 
die convertible computer is operated as die tablet computer. When die user uses die 
convertible computer in the tablet computer mode, die display module is rotated and an 
operating state of die switch SW12 is switched to die ON state. Thus, a signal from die 
power supply terminal Vcc is grounded dirough a resistor R5 and die switch SW12. A signal 
330 based upon die ON state of die switch SW12 is inputted into a system conttoller (not 
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shown). The system conttoUer can perform a preparation operation for die tablet computer 
mode. 

[88] At diis point, die low level signal is appUed to die base terminal of die 
transistor Ql, and die transistor Ql is in die ON state. When die transistor Ql is in the ON 
state, the signal £i:om die power supply terminal Vcc is grounded duough a resistor R6 and 
collector and emitter terminals of die transistor Ql. In this state, the low level signal is 
appUed to the gate terminal of die logic device 340 and die logic device 340 is disabled. 

[89] In a state in which die logic device 340 is disabled, die logic device 340 
outputs no signal even though die switch SWll capable of detecting an open/dosed state of 
die display module outputs a signal Thus, die controller does not perform a control 
operation (e.g., die suspend mode and/or LCD backUght turn-off control operation) based 
upon die output signal of the logic device 340. 

[90] FIG. 14 is a block diagram illustrating an embodiment of an apparatus for 
managing die system mode in die convertible computer in accordance witii die present 
invention. As shown in FIG. 14, die convertible computer can include a central processing 
unit (CPU) 450, and a system controller 440 equipped widi a core chipset responsible for 
data transfer and control functions associated widi a memory, a micro controUer and various 
peripheral devices. 

[91] The convertible computer can include a micro controller 420 for controlling 
input units such as a keyboard, a mouse, a battery power supply, a battery interface and 
odiers. The system controUer 440 can set a system environment appropriate for a current 
system mode under die control of die micro controller 420. Thus, die system controller 440 
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can further include a clock generator, other circuit logics, and a BIOS and utiHty program for 
operating them. 

[92] As shown in FIG. 14, the convertible computer can include a memory such as 
a nonvolatile flash memory 430 for storing a program and data necessary for performing an 
operation. The flash memory 430 can store a BIOS being. a kind of program necessary for 
transferring information between peripheral devices such as a memory, a disc and a monitor, 
and can also store information associated with respective management modes and 
conditions and states corresponding to the management modes. 

[93] As shown in FIG. 14, the convertible computer can include a switching sensor 
400 for monitoring a switching operation between the notebook computer mode and die 
tablet computer mode. The micro controller 420 can discriminate a system operating mode 
in response to a sensing signal firom the switching sensor 400 (e.g., a computer selection 
signal) and perform a control operation corresponding to the discriminated system operating 
mode. Thus, the switching sensor 400 can be composed of a switch turned on/off 
according to a rotation operation of the display module. 

[94] The convertible computer can include a temperature sensor 460 for sensing a 
temperature of the CPU 450 and a cooling fan 410 for removing heat generated by the 
system. The memory 430 in accordance widi the embodiment of FIG. 14 can store control 
values of die notebook computer mode and control values of the tablet computer mode. 
The control values stored in the memory 430 can include a CPU speed, a fan speed, a system 
temperature or the like. 
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[95] FIG. 15 shows a table of exemplary control values. The control values of 
each mode shown in FIG. 15 can be expressed as relative values. However, the present 
invention is not intended to be so limited as specific values corresponding to devices or 
operational environments can be used. The CPU speed can be low in the tablet computer 
mode, but the CPU speed of the notebook computer mode must be set to a relatively high 
speed in comparison with that of the tablet computer mode. The system temperature can be 
set to a low temperature in the tablet computer mode, but the system temperature of the 
notebook computer mode must be set to a relatively high temperature in comparison with 
that of the tablet computer mode. 

[96] Further, the fan speed can be set to a low speed in the tablet computer mode. 
However, the fan speed of the notebook computer mode must be set to a relatively high 
speed in comparison with that of the tablet computer mode. 

[97] The control values shown in FIG. 15 are relative control values between the 
notebook computer mode and the tablet computer mode. After an allowable range up to a 
highest or a maximum value on a mode-by-mode basis is decided, it is preferable that a 
control operation is carried out through multiple steps within the allowed range. For 
example, it is preferable that a range of the system temperature is set and then the CPU 
speed and the fan speed are set according to the temperature range. That is, when the system 
temperature is set to within an "A" range (e.g., sub-range of the allowed range), the CPU 
speed is set to a CA speed and the fan speed is set to an FA speed. Further, when the system 
temperature is set to within a "B" range, the CPU speed is set to a CB speed and the fan 
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speed is set to an FB speed. In this case, the CPU speed and the fan speed can be adjusted 
through multiple steps within the allowed range. 

[98] Information of the currendy set system mode can be stored in the system 
controller 440. It is preferable that information of a currendy set system mode is stored in a 
complementary metal oxide semiconductor (CMOS) of the chipset provided in the 
controller 440. A menu for setting the system mode is preferably provided in a CMOS setup 
menu. At the time of performing the CMOS setup operation, a new system mode is set and 
stored information relating to the new system mode can be confirmed. Thus, a system 
environment can be controlled according to the newly set or confirmed system mode. 

[99] FIG. 16 is a flow chart illustrating an embodiment of a method for managing 
the system mode in the convertible computer in accordance with the present invention. The 
embodiment of a method for managing the system mode can be described using and applied 
to the apparatus of FIG. 14. However, the present invention is not intended to be so 
limited. 

[100] As shown in FIG. 14, when the user turns on a system power supply of the 
convertible computer, the system controller 440 can sense the turned-on system power 
supply and apply a wake-up signal to the CPU 450. In response to the wake-up signal, the 
CPU 450 can control an initial booting operation. At the time of performing the initial 
booting operation, a read only memory (ROM) BIOS stored in the memory 430 can detect a 
current system mode such as one set in the CMOS setup menu (block S30). 

[101] The system controller 440 can confirm the current system mode detected at 
block S30, and read control values appropriate for the current system mode from among the 
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contxol values associated with the modes preferably stored in the memory 430 (block S31). 
The system controller 440 can set an operating state of the system according to the read 
control values. If the current system mode is the notebook computer mode, the system 
temperature can be set high (block S32), the CPU speed can be set to a high speed (block 
S33), and the fan speed can be set to a high speed (block S34). Then, die system can be 
managed according to the control values corresponding to the detected system mode (block 
S35). 

[102] At this time, the system controller 440 can adjust an operating speed of the 
CPU 450 to the set speed at block S33 dirough a CPU clock control signal. When die CPU 
450 is operated at the set speed, the temperature sensor 460 senses a temperature inside the 
system varying with the heat generated by die CPU 450. A signal indicating die temperature 
sensed by the temperature sensor 460 is applied to the micro controller 420. In response to 
the signal from the temperature sensor 460, the micro controller 420 can control the speed 
of the cooling fan 410 within its speed range allowable in the current system mode and 
adjust the temperature inside the system. 

[103] When the temperature inside die system increases because of the system 
operation, the speed of the cooling fan 410 becomes fast. On die other hand, when die 
temperature inside the system decreases, the speed of the cooling fan 410 becomes slow. 
Further, when the temperature inside the system increases because of the system operation, 
an allowable range of a CPU clock signal can become narrower. On die odier hand, when 
the temperature inside the system decreases, an allowable range of a CPU clock signal can 
become wider. 
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[104] The system mode can be switched such as from the notebook computer mode 
to the tablet computer mode or is switched from die tablet computer mode to the notebook 
computer mode responsive to a physical configuration of the system. However, die present 
invention is not intended to be so limited, for example, a user action such as a toggle switch 
or a software application operation can be used to switch among system modes, which can 
include additional modes. 

[105] When the system mode is switched such as from the notebook computer 
mode to die tablet computer mode or is switched from die tablet computer mode to die 
notebook computer mode, an output signal of die switching sensor 400 for detecting die 
system mode can be switched. The micro controller 420 can continuously monitor the 
operating state of die switching sensor 400. A signal indicating a mode state detected by die 
switching sensor 400 can be sent to die system controller 440 dirough an interrupt 
operation. Information of the switched mode is stored (e.g., in die CMOS setup menu). The 
system controller 440 can manage die system according to die switched mode. 

[106] In accordance widi embodiments of die present invention, die switching 
sensor 400 and die micro controller 420 can be configured to monitor a system mode 
switching operation. However, components for monitoring the system mode switching 
operation do not need to be limited to die switching sensor for monitoring a rotation 
operation of die display module 45 and die micro controller serving as die keyboard 
controller. Any sensor capable of detecting a system mode switching operation and any 
controller or component capable of confirming a value from die sensor can be used in place 
of the components. 
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[107] Various software or firmware layers based upon a module or routine format 
containing application programs, operating system modules, device drivers, BIOS modules 
and interrupt handlers can be stored in at least one storage medium provided in the 
convertible computer system. The appUcable storage media include hard disc drives, 
compact discs (CDs) or digital versatile discs (DVDs), floppy discs, nonvolatile memories 
and system memories. The modules, routines or other layers stored in the storage medium 
contain instructions for allowing the convertible computer system to execute programmed 
acts when executed. 

[108] The software or firmware layers can be loaded on the system by one of 
various methods. For example, code segments are stored in floppy discs, CD or DVD discs 
or hard discs, or code segments transported through a network interface card, modem or 
other interface devices can be loaded on the system and can be executed by a corresponding 
software or firmware layer. In die loading or transporting process, the code segments and 
data signals carried by a carrier (through a telephone line, a network line, a radio link, a cable, 
etc.) can be sent to the system. 

[109] Any reference in dais specification to "one embodiment," "an embodiment," 
"example embodiment," etc., means that a particular feature, structure, or characteristic 
described in connection with the embodiment is included in at least one embodiment of the 
invention. The appearances of such phrases in various places in the specification are not 
necessarily aU referring to the same embodiment. Further, when a particular feature, 
structure, or characteristic is described in connection witii any embodiment, it is submitted 
that it is witiiin die purview of one skilled in die art to effect such feature, structure, or 
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characteristic in connection with other ones of the embodiments. Furthermore, for ease of 
understanding, certain method procedures may have been delineated as separate procedures; 
however, these separately delineated procedures should not be construed as necessarily order 
dependent in their performance. That is, some procedures may be able to be performed in 
an alternative ordering, simultaneously, etc. 

[110] As described above, embodiments according to the present invention have 
various advantages. Embodiments of an apparatus and method for booting a system in a 
convertible computer can boot and operate the system by direcdy or automatically selecting 
a desired or an optimum operating system (OS) appropriate for a first (e.g., notebook 
computer mode) and a second (e.g., tablet computer mode) mode. Embodiments can 
further selectively use various functions and operations based upon the respective modes. 

[Ill] Embodiments of an apparatus and method for protecting at least one input 
unit in a convertible computer can reduce or prevent an erroneous operation of input units 
without additional instruments when a notebook computer mode and a tablet computer 
mode are used. Embodiments can reduce unnecessary power consumption by an input unit 
not used in a current system mode. 

[112] Embodiment can provide a protection circuit in a convertible computer that 
can reduce an erroneous operation of a system capable of being incurred while a switch 
detecting an open/closed state of a liquid crystal display (LCD) detects the closed state of 
the LCD in a tablet computer mode. Embodiments can reduce the erroneous operation of 
the system using a logic circuit without additional instruments to ensxare a product's 
reliability and reduce manufacturing cost. 
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[113] Embodiments of an apparatus and method for managing operating modes in a 
convertible system can perform a management operation appropriate for specifications 
based upon the operating modes, increase the utility and stability of the system, reduce 
unnecessary power consumption in a tablet computer mode rather than a notebook 
computer mode, individually or in combination. 

[114] The foregoing embodiments and advantages are merely exemplary and are not 
to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended 
to be illustrative, and not to Umit the scope of the claims. Many alternatives, modifications, 
and variations will be apparent to those skilled in the art. In the claims, means-plus- function 
clauses are intended to cover the structures described herein as performing tiie recited 
fiinction and not only stmctural equivalents but also equivalent structures. 
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